As road traffic sign recognition is a crucial component for automatic driver assistance systems, it is a key problem in computer vision as well. Therefore, in this paper, we study on the problem of road traffic sign recognition utilising the computer vision technology. The main innovation of this paper is to propose an improved convolutional neural network, and then use it to tackle the road traffic sign recognition problem. Convolutional neural network can learn features from training data set, and a convolutional network contains alternating layers of convolution and pooling. Particularly, RGB traffic images are transformed to grey scale images, and then grey scale images are input to the improved convolutional neural network. Furthermore, the fixed layers are utilised to discover region of interests, and the learnable layers are used to extract features. In general, output information of the proposed two learnable layers are input to the classifier separately, and parameters of learnable layers and the classifier are trained at the same time. Finally, GTSDB data set is chosen to make performance evaluation, among which 600 images and 300 images are regarded as training and testing data set respectively. Experimental results demonstrate that the improved CNN-based traffic sign recognition performs better than the traditional CNN.
Introduction
With the rapid development of computer science and human computer interaction technology, the car owner has increased fast in recent years Gudigar et al., 2016) . Hence, this trend brings great potential requirements to design the automatic driver assistance systems. As a crucial component in the driver assistance system, effective road traffic sign detection method has attracted more attention. However, as it is difficult to analyse the road traffic environment, a lot of obstacles should be handled carefully Liu et al., 2016; Gregory et al., 2016) . To enhance city traffic management level, intelligent transportation system (ITS) is proposed and developed. ITS effectively combines traffic information, communication information, control information and computer technologies together, and then it can provide safety, effectiveness and reliability to traffic management (Li et al., 2015; Yuan et al., 2015) .
As a key component of ITS, the road traffic sign recognition process system has an important significance for automatic driver assistance (Mogelmose et al., 2015) . To our disappointment, the actual traffic environment is very complex, and many different conditions may exist, such as lighting condition, weather condition, partial occlusion and shadow interfering (Balali et al., 2015; Ben-Bassat and Shinar, 2015) . In recent years, many research works about road traffic sign recognition have been presented, and some typical related works are listed as follows.
Chen et al. aimed to tackle the traffic sign recognition problem by establishing a classifier, which is trained by image visual features extracted from road traffic signs. After the classifier is trained, traffic signs can be detected from new samples . Greenhalgh and Mirmehdi presented a new traffic signs detection system by test analysis. Particularly, in this paper, a recognition stage is designed to explain the texts include candidate regions. Moreover, individual text characters are found as maximally stable extremal regions (Greenhalgh and Mirmehdi, 2015) . Zhang et al. proposed a novel method to automatically discovering road traffic sign information using a vehicle-borne mobile photogrammetric system. To boost the robustness and adaptability of the proposed method, colour recognition probabilistic neural networks based on pixel vectors is designed. Afterwards, traffic signs can be detected by shape-identification PNNs and central projected vectors (Zhang et al., 2015) . Ai and Tsai presented a novel alternative traffic sign inventory approach based on mobile LiDAR and INS technique, and obtain higher traffic sign detection rate using a key LiDAR parameter calibration procedure (Ai and Tsai, 2015) .
The rest of this paper is organised as follows. The next section provides an overview of the convolutional neural network. Section 3 proposes a novel road traffic sign recognition algorithm based on improved convolutional neural network. In Section 4, experiments are given to test the effectiveness of our method. In the end, the whole paper is concluded in Section 5.
Overview of the convolutional neural network
Convolutional neural network is able to learn features from training dataset, and a convolutional network is made up of alternating layers of convolution and pooling. Particularly, the convolutional layer is designed to find filters using the input image. The nonlinear function f(·) is designed for each image feature map c : a = f(c). Afterwards, the aggregation function is defined as pool(·):
Convolutional layers is able to generate features which are invariant to local transformations of an image, and convolution layers are alternated with the feature map
,
Then, non-overlapping sub-sampling layer based on feature map ,
where function g(·)is equal to tanh(x), and ↓ denotes the down-sampling. Symbol E denotes that the matrix of which all elements are 1, and the symbol ⊗ means a 2D convolution.
As an example, we suppose that there is a convolutional neural network, which is made up of four hidden layers {L 1 , L 2 , L 3 , L 4 }. In this example, the convolutional layers are utilised to obtain features, and the averaging and sub-sampling layer is used to lower the accuracy of the feature map.
The formal description for the connection of L 1 is defined as follows.
( )
where the symbol
x means the output of the neuron of L 1 in feature map of f k , and 1 , k q L f w refers to weight of the q th correlation from the feature map of f k in L 1 , and the δ means a neuron's activation function. L 2 refers to the second hidden layer, and it is designed to average and sub-sample layer with four maps. To describe the relationships between layer L 1 and L 2 , the following condition should be satisfied.
( ) 
where the activation function q is selected as a scaled mode of the hyperbolic tangent, and the derivative of function q is defined as follows:
3 Road traffic sign recognition algorithm based on improved convolutional neural network
We utilise the colour feature and convolutional neural network to detect road traffic signs, and the flowchart of road traffic sign recognition system is shown in Figure 1 . As is shown in Figure 1 , our proposed road traffic sign recognition system is given. We transform RGB traffic images to greyscale images in advance, and then put this information to the convolutional neural network. Furthermore, the fixed layers are used to recognise region of interests, and the learnable layers are exploited to extract features. Afterwards, framework of learnable layers is shown in Figure 2 . As is shown in Figure 2 , output information of the proposed two learnable layers are input to the classifier separately, and parameters of learnable layers and the classifier are trained at the same time.
In the proposed improved CNN model, the set {C nl , M nl } is divided to n b blocks which are written as {B 1 , B 2 , …, B nb }. Furthermore, if the value of n b is equal to 3, the improved CNN are represented as n 1 -n 2 -n 3 , in which the number of maps for B 1 , B 2 and B 3 are equal to n 1 , n 2 and n 3 respectively.
We assume that ( , ) C x y is computed as follows:
where l ∈ {2, 3, …, n l } and i ∈ {1, 2, …, n m } are satisfied. The j th 2D feature map output y i is computed by the following equation.
where ⊗ means the convolution operation, and k ij means a 2D filter learned from the sparse Laplacian filter. The subtractive normalisation operator of x i,j,k is given as follows: ( 1 0 ) where π p,q refers to a normalised Gaussian filter with the size 9 × 9, and s is the output of subtractive normalisation. Based on the above definitions and analysis, the convolution between 2D feature map and the average filter are defined as follows:
, , , where ξ p,q is an average filter, and parameter x, y refer to the input and output 3D arrays of the average pooling layer.
Experiment
To verify the recognition accuracy of our algorithm, the German Traffic Sign Detection Benchmark dataset (denoted as GTSDB) (Sebastian et al., 2013 ) is used in this section. The GTSDB denotes a single-image detection assessment, and this dataset is proposed at the IEEE International Joint Conference on Neural Networks in 2013. GTSDB dataset is made up of 900 images, in which there are 600 images in training dataset and other images are regarded as testing dataset. Particularly, in the testing dataset of GTSDB, the numbers of prohibitory, mandatory and danger traffic signs in testing dataset are equal to 162, 47 and 60 respectively. The sizes of road traffic signs in GTSDB are ranged from 16 × 16 to 128 × 128 pixels. Negative samples for CNN training are randomly chosen regions which are annotated by square boxes, in which there are no overlapping road traffic signs.
As we convolve the filters using patches with same size, the training data (ROIs) to 32 × 32 pixels and then converted the traffic images from the RGB to the YUV space. Therefore, we obtain the data of Y channel to construct our model, meanwhile, the U and V channels are pruned. Moreover, greyscale information are utilised, the reason lies in that colour information has been exploited in the process of ROI obtaining.
Integrating precision-recall curve of the above three traffic signs types, our improved CNN performs better than the traditional CNN. Furthermore, the AUC values of danger signs are lower than prohibitory signs and mandatory signs, because danger signs are more complex than other types and this type of traffic sign is difficult to be detected. It can be observed from Figure 6 that yellow boxes are utilised to represent the traffic signs we detected. Experimental results demonstrate that our proposed improved CNN method is able to accurately detect different traffic signs under different environments.
Conclusions
This paper proposes an improved CNN, and then exploits it to solve the road traffic sign recognition problem. In our work, RGB traffic images are transformed to grey scale images in advance, and then grey scale images are input to the improved convolutional neural network. The fixed layers are utilised to detect region of interests, and the learnable layers are applied to extract features. Experimental results proved that improved CNN-based traffic sign recognition performs better than the traditional CNN for three different types of traffic signs, such as prohibitory signs, mandatory signs, and danger signs. This work has great significance in intelligent traffic management, particularly, in the research and development of unmanned vehicle, our proposed algorithm is able to play a huge role. In the future, we will extend our works in the following aspects: 1 we will test our algorithm in some complex environment, such as dim light, high speed and bumpy road 2 we also will try to use other standard dataset to test the performance of our algorithm 3 we will discuss how to lower time cost of our algorithm.
